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真器的基本原理和 6502 MCU 在线仿真器的基础上，结合 65C02 微处理芯片的




等验证，结果证明了本文的 65C02 MCU 在线仿真器的硬件结构设计方案的正确
性和基于 FPGA 实现的可行性。 
本论文的创新点主要体现在：1、自主设计了基于 RTL 级 Verilog HDL 代码
的仿真器控制逻辑及其仿真测试代码；2、结合使用 Moore 类型、独热码和 three 
always 描述设计了控制状态机，实现了对在线仿真器全运行状态的管理；3、采
用软件断点中指令模拟的方式实现断点功能，可对 ROM 和 EPROM 中的程序设


















































































  In-Circuit Emulator is one of the most important component parts of 
Microcomputer Development Systems. It is an effective tool to develop the 
microcontroller systems. Therefore the research and design of the 65C02 In-Circuit 
Emulator have a very important significance that it can supply a developed tool in the 
design of the 65C02 microcontroller with independent intellectual property right. 
  The capability of the In-Circuit Emulator is mostly determinded by its hardware.So 
the purpose of this paper is to design the hardware of the 65C02 In-Circuit Emulator, 
especially the control logic. Based on the basic operation principle of In-Circuit 
Emulator and the 6502MCU In-Circuit Emulator, this paper proposes the whole 
hardware structure of the 65C02 In-Circuit Emulator with the characteristic of 65C02. 
At the same time , this paper analyses the design of emulational functions,such as 
breakpoint, download, run, single-step, trace, registers and halt, and so on. Then we 
give a detailed introduction of the code design of the control logic applying RTL 
methodology and prove the validity and feasibility of the whole hardware structure of 
the 65C02 In-Circuit Emulator based on FPGA by function simulation, synthesis and 
test on Virtex-ⅡPro Development Platform. 
  The innovations in this paper are as follows: 1. Designed the Verilog HDL source 
code and test Bench source code of the control logic applying RTL methodology with 
independent intellectual property right; 2. Designed the FSM adopting Moore type, 
one-hot coding and three always description, implemented the administration of all 
course of the ICE; 3. Implemented the breakpoint function adopting simulating 
injunction of software breakpoint, can set breakpoint to the program in ROM and 
EPROM; 4. Designed a new type of test by the Xilinx Virtex-Ⅱ Pro Development 
Platform, ChipScope,and EDK, and implemented the board test of the control logic. 
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在线仿真器的 原始概念诞生于 INTEL 公司的 ICE-80[9]，这是一种专用于
位片式处理机仿真的仿真器。INTEL 公司以 ICE-80 首次在 8 位微处理机领域里
提出了在线仿真的概念，ICE-80 支持微处理器 8080 微型计算机应用系统的仿真
调试。 
目前国内外在线仿真器的产品品种繁多，支持的 CPU 种类丰富。国外较好





















技术主要可以分为 Bondout 仿真技术、HOOKS 仿真技术、嵌入式仿真技术和商





仿真的时序，如 winbond 生产的可以用作 Bondout 仿真的专用芯片 W78958、
W78438、W77968 等。采用 Bondout 仿真技术的在线仿真器仿真频率高，可以达
到专用芯片的 高标准，但是成本高，而且只能仿真该厂商指定的单片机。 
（2）HOOKS 仿真技术 
HOOKS 仿真技术是 PHILIPS 公司拥有的是一种采用 I/O 复用的仿真技术，
主要解决不同品种单片机的仿真问题。使用 HOOKS 仿真技术制造的在线仿真器
可仿真芯片种类较多，可以仿真所有具有 HOOKS 特性的单片机。采用 HOOKS







（Boundary Scan）技术，在线仿真器通过微处理器芯片内部的 JTAG（Joint Test 
Action Group）边界扫描口与 CPU 通信，对其进行仿真；另外一种是处理器内部
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